Abstract:
INTRODUCTION
Cellulose is the major skeletal component of the cell wall of green biomass found together with hemicelluloses, pectin and lignin [1, 2] . Cellulose is the fibrous, insoluble, crystalline polysaccharide composed of repeating units of Dglucose that is cemented by β-1, 4-glucosidic bonds [3] . Cellulose-rich plant biomass is one of the expected renewable sources of fuel, animal feedstock and feed for chemical synthesis [4] . Nowadays, huge quantities of municipal, industrial and agriculture cellulose wastes have been aggregated or exploited inefficiently due to the drastically lifted cost of their utilisation process [5] . In order to diminish food-feed-fuel conflicts, it is essential to assimilate all these kinds of bio-waste into biomass economy [6] . The rate of utilization of plant biomass is largely dependent on active soil mycoflora. Fungi effectively degrade cellulose, hemicellulose and lignin in plants by secreting a multifarious set of hydrolytic and oxidative enzymes [7, 8] being the hydrolyses (especially cellulase) the most abundant. Thus, scientists are studying fungi at the molecular level [9, 10] trying to discover cellulolytic fungi [11] and are developing mutant strains to enhance the production of cellulases [12] .
At present, the production of cellulase has widely been studied in submerged culture processes, but the relatively high costs of enzyme production have hindered the industrial application of cellulose bioconversion [13] . Thus, the economics of cellulase production needs to be improved by reducing production cost or increasing the enzyme activities. Several kinds of research have shown that the production costs of cellulase are tightly associated with the productivity of enzyme producing microbial strain, the final activity in the fermentation broth and type of substrate used in the fermentation production of the enzyme [14 -17] . Keeping the above observations into consideration, the present work focused on the optimization of process parameters for enhanced cellulose production by Aspergillus niger isolated from the forest soil.
MATERIALS AND METHODS

Microbial Strain
The fungal culture Aspergillus niger used in the present study was isolated from the forest soil [18] .
Fungus Cultivation for Spore Production and Inoculums Preparation
The fungal inoculum density of 2x10 6 spores [19] was used for cellulase production by submerged fermentation method and quantification was carried out by enzyme assays such as Filter paper Endoglucanase and β-D-Glucosidase.
Optimization and Experimental Design
Effect of Medium pH on Cellulose Production by Aspergillus niger
Czapek-Dox medium (HIMEDIA) used in this method contained (g/l); sucrose -30, NaNO 3 -2, K 2 HPO 4 -1, MgSO 4 -0.05, KCl -0.5, FeSO 4 -0.01. Czapek-Dox liquid medium amended with 1% cellulose was adjusted to different pH ranges (3, 4, 5, 6, 7 & 8) and distributed in 250 ml Erlenmeyer conical flasks. The flasks were sterilized, cooled and inoculated with the fungal spore suspension. The flasks were incubated at 32°C on a rotary shaker at 120 rpm for 7 days. After incubation, dry weight of fungal mass, protein content, reducing sugars and individual enzyme components of cellulase activity was determined.
Influence of Temperature on Cellulase Production by Aspergillus niger
To check the influence of temperature on cellulase production, the conical flasks containing fermentation medium supplemented with 1% cellulose (pH 5.0) were incubated at different temperatures (25,32 and 40°C) . The flasks were inoculated with fungal spores. After incubation, dry mass of fungal mat, the extracellular protein, total soluble sugar, and activity of total cellulase was determined.
Effect of Carbon Source on Cellulase Production by Aspergillus niger
To determine the effect of various carbon sources on cellulase production in the Czapek-Dox medium, various carbon sources at 1% (W/V) level were used. Glucose, fructose, lactose, galactose, maltose, and CMC were separately added to different Erlenmeyer flasks containing 100 mL of Czapek-Dox medium, the pH was adjusted to 5.0. The flasks with cellulose amended medium without a carbon source served as a control. The flasks were autoclaved at 121°C, 15 lb pressure for 15 minutes. After sterilization, the flasks were cooled and inoculated with the spore suspension of Aspergillus niger. The flasks were incubated at 32°C on the rotary shaker at 120 rpm for 7 days. Then the contents of flasks were filtered through Whatman No. 1 filter paper. Biomass, the extracellular protein content, total soluble sugar, and the total cellulase activity were determined in the collected culture filtrate.
Effect of Nitrogen Sources on Cellulose Production by Aspergillus niger
To know the impact of nitrogen sources on cellulase production, Erlenmeyer conical flasks (250ml) containing 100 ml of Czapek-Dox medium with 1% (W/V) cellulose were separately added with various nitrogen sources like peptone, yeast extract, KNO 3 , (NH 4 ) 2 SO 4 and urea at a concentration of 0.03%. The flasks with cellulose amended medium without nitrogen source served as control. All the flasks were aseptically inoculated with spores of Aspergillus niger and the flasks were incubated at 32°C on a rotary shaker at 120 rpm for 7 days. Biomass, extracellular protein content, glucose content and total cellulase activity were determined in the collected culture filtrate.
Effect of Lignocellulosic Substrates on Cellulase Production by Aspergillus niger
To detect the supportive native lignocellulosic substrates for the production of cellulase complex, different natural lignocellulosic substrates which include sawdust, rice bran, rice husk, wheat bran, bagasse, litter, groundnut shells, and coir and corn cob were used in the present study. 100 ml of Czapek-Dox broth medium was distributed into separate Erlenmeyer conical flasks. Each flask was provided with one gram of finely powdered untreated lignocelluloses. The pH of the medium was adjusted to 5.0. After sterilization, the flasks were cooled and inoculated with the spore suspension of Aspergillus niger. The flasks were incubated at 32°C for 7 days on a rotary shaker at 120 rpm. After 7 days of incubation, the contents of the flasks were filtered through Whatman filter paper No. 1. The culture filtrates were used for the estimation of biomass, the extracellular protein content, total soluble sugar and total cellulase activities.
Analytical Methods
Estimation of Protein Content
The extracellular protein content in the fungal filtrate was determined [20] . Suitable aliquots of filtrate were mixed with 5 ml of alkaline solution. After 30 min, 0.5 ml Folin-Ciocalteu's -reagent was added. The color developed was read at 550 nm by using the spectrophotometer (Spectronic-20D). Bovine serum albumin was used as a protein standard.
Estimation of Sugar Content
The total soluble sugar content in the culture filtrates was determined [21] . Glucose was used as a standard. Suitable aliquots of culture filtrates were mixed with 3 ml of DNS reagent. The contents were boiled vigorously in a boiling water bath for exactly five minutes and the colour developed was read at 540 nm by using the spectrophotometer (Spectronic-20D).
Determination of Fungal Biomass
The fungal biomass was estimated by incubating the fungal culture for 7 days. After incubation, the contents of the flasks were aseptically passed through a pre-weighed filter paper (Whatman No.1) to separate mycelial mat from culture filtrate. The filter paper along with mycelial mat was dried at 70°C in an oven until constant weight and the weight was recorded. Difference between the weights of the filter paper bearing mycelial mat and weight of pre-weighed filter paper represented fungal biomass, which was expressed in terms of dry weight of mycelial mat (mg/100 ml of CzapekDox medium).
Determination of Cellulase Activity
The filtrates obtained after removal of mycelia mat by filtration through filter paper was used as an enzyme source. Flasks containing the growing culture of Aspergillus niger were withdrawn at every 7-day interval for processing.
Determination of Filter Paper Assay (FPA)
Filter paper activity of the culture filtrates was determined according to the method of Mandels and Weber (1969) [22] . Whatman filter paper strips containing 50 mg weight was suspended in one ml of 0.05 M sodium citrate buffer (pH 4.8) at 50°C in a water bath. Suitable aliquots of enzyme source were added to the above mixture and incubated for 60 minutes at 50°C. After incubation, the liberated reducing sugars were estimated by the addition of 3, 5-Dinitrosalicylic acid [21] . After cooling, colour developed in tubes was read at 540 nm in a spectrophotometer (Spectronic-20D). Appropriate control without enzyme was simultaneously made to run. The activity of cellulase was expressed in filter paper units. One unit of Filter Paper Unit (FPU) was defined as the amount of enzyme releasing one micromole of reducing sugar from filter paper /ml /h.
Determination of Endoglucanase Activity
The activity of endoglucanase in the culture filtrate was quantified by carboxymethylcellulose method [23] . The reaction mixture with 1.0 ml of 1% carboxymethyl cellulose in 0.2 M acetate buffer (pH 5.0) was pre-incubated at 50°C in a water bath for 20 minutes. An aliquot of 0.5 ml of culture filtrate with appropriate dilution was added to the reaction mixture and incubated at 50°C in a water bath for an hour. Appropriate control without enzyme was simultaneously made to run. The reducing sugar produced in the reaction mixture was determined by Dinitrosalicylic acid (DNS) method [21] . 3, 5-Dinitro-salicylic acid reagent was added to aliquots of the reaction mixture and the colour developed was read at a wavelength of 540 nm by using the spectrophotometer (Spectronic-20D). One unit of endoglucanase activity was defined as the amount of enzyme releasing one micromole of reducing sugar /ml /h.
Estimation of β-D-Glucosidase Activity
The activity of β-glucosidase in the culture filtrates was determined based on the method of Herr (1979) [24] . 200 microlitres of 5mM p-nitro phenyl β-D-glucopyranoside (PNPG,) in 0.05 M citrate buffer pH 4.8 was added to 0.2 ml of diluted enzyme solution with appropriate controls. After incubation for 30 min at 50°C, the reaction was stopped by adding 4 ml of 0.05 M NaOH-Glycine buffer (pH 10.6) and the liberated yellow colored p-nitrophenol was determined at 450 nm by using the spectrophotometer (Spectronic-20D). One unit of β-glucosidase activity was defined as the amount of enzyme liberating one micromole of þ-nitro phenol /ml /h under standard assay conditions.
RESULTS
Fungal Culture
The fungal culture Aspergillus niger used in this study was isolated from forest soil [18] . Similarly, Narasimha et al., [25] isolated and identified a potent cellulolytic fungi Aspergillus niger from soil contaminated with cotton ginning industry effluents.
Optimization Conditions for Cellulase Production by Aspergillus niger
A series of experiments were carried out to determine the factors for enhanced production of cellulase by Aspergillus niger.
Effect of Medium pH
The effect of different pH ranges (3-8) on cellulase production by Aspergillus niger was tested and listed (Figs. 1, 2 and Table 1 ). Though maximum growth (1800mg/100ml of Czapek-Dox medium) of tested organism was obtained at pH 4.0, maximum activities of FPase (14.16 U/ml), CMCase (64.00 U/ml), extracellular protein (1.65 mg/ml), total soluble sugar (7.11 mg/ml) were recorded at pH 5.0. Relatively lower activities of FPase (0.38-1.6 U/ml), CMCase (8.11-10.2 U/ml) and β-glucosidase (0.006 U/ml), lower amounts of total soluble sugar (0.07-0.42 mg/ml), the extracellular protein (0.22-0.41 mg/ml) was found when the culture was grown at pH 3.0, 4.0 and 8.0. The less vegetative growth of 1460 mg/100ml was found at pH value of 8.0. β-glucosidase activity was not detected when pH of the medium was set above 5.0. Thus, it was clear from the above results that pH 5.0 was found to optimum pH value for cellulase production in case of Aspergillus niger. 
Effect of Temperature
Temperature highly influences growth and enzymatic activities of microorganisms. The effect of different temperatures on cellulase production was studied and results were depicted in Figs. (3, 4 and Table 2 ). The culture filtrates obtained from the flasks incubated at 32ºC exhibited higher of FPase activity (14.66 U/ml), CMCase (64.00 U/ml) and β-glucosidase (0.014 U/ml), fungal biomass of 1670 mg/100ml of Czapek-Dox medium, the extracellular protein of 1.65 mg/ml and total soluble sugar of 7.11 mg/ml (Figs. 10 ) . Comparatively lower activities of FPase (2.66 U/ml), CMCase (9.32 U/ml) and β-glucosidase (0.006 U/ml) as well as lower contents of extracellular protein (0.71 mg/ml), total soluble sugar (0.55 mg/ml) and biomass of (1480 mg/100ml) were recorded at 40ºC. The culture filtrate obtained from the flask incubated at 25ºC shows FPase of 7.62 U/ml, CMCase of 30.88 U/ml and β-glucosidase of 0.006 U/ml. The dry weight of fungal biomass was 1580 mg/100ml, the extracellular protein was 1.58 mg/ml and total soluble sugar was 6.88 mg/ml. These values lie in between the activity ranges of the above-discussed temperatures (32ºC, 40ºC). 
Effect of Carbon Sources
Different carbon sources used in this study exhibited variable effects on the selected parameters (Figs. 5, 6 and Table 3 ). Of the carbon sources applied, lactose supported the maximal activities of FPase (38.33 U/ml) CMCase (85.54 U/ml), higher extracellular protein (9.6 mg/ml) and total soluble sugar (9.6 mg/ml). β-glucosidase activity was higher (0.02 U/ml) when fructose was used as carbon source. The inclusion of maltose and galactose exhibited higher titres of FPase and CMCase next to lactose. The relatively higher vegetative growth of Aspergillus niger of 3330mg/100ml was obtained in the medium supplemented with carboxymethyl cellulose (CMCellulose) as substrate. The three enzyme components FPase (4.33 U/ml), CMCase (16.11 U/ml) and β-glucosidase (0.007 U/ml) were exhibited at low levels. The extracellular protein content (0.77 mg/ml) and total soluble sugar (0.9 mg/ml) were also recorded at lower levels in the Carboxymethylcellulose(CMCellulose) amended medium. Compared to remaining carbon sources used in the present study, FPase and CMCase activities in glucose and fructose amended medium were found to be intermediate to the above-described ones. β-glucosidase activity was not detected in the medium amended with glucose, lactose, and maltose. The results are the mean of three different experiments.
Effect of Nitrogen Sources
The effects of various nitrogen sources on cellulase production were studied and compared with control (Figs. 7, 8 and Table 4 ). Among the list of nitrogen sources, urea appeared to be the best as reflected by the highest production of extracellular protein (210mg/ml). 38.88 U/ml of FPase, 68.88 U/ml of CMCase, and total soluble sugar of 8.70 mg/ml. β-glucosidase was undetected not only in urea but also in peptone and KNO 3 amended medium. Though higher β-glucosidase activity (0.230 U/ml) was observed in yeast extract supplemented medium lower activities of FPase (0.77 U/ml), CMCase (7.32 U/ml) was recorded. Maximum (2080 mg/100ml) and minimum (1490 mg/100ml) fungal growth were observed in (NH 4 ) 2 , SO 4 and KNO 3 amended medium, respectively. Considerably lower activities of FPase and CMCase along with lower amounts of extracellular protein and total soluble sugar yeast extract and (NH 4 ) 2, SO 4 supplemented medium. 
Effect of Lignocellulosic Substrates
Various natural lignocelluloses were employed at 1% level in Czapek-Dox medium to induce cellulase production by Aspergillus niger. The results were compared to the yields of cellulase synthesized by the same microorganism on cellulose (Figs. 9, 10 , Table 5 ). Among the lignocelluloses supplemented in the present study, the sawdust induced maximum biomass of 1650 mg/100ml, the total soluble sugar of 7.90 mg/ml and the highest titres of FPase (31.11 U/ml) CMCase (67.54 U/ml) and lower yields of extracellular protein (1.71 mg/ml) were noticed. Higher quantities of β-glucosidase (0.43 U/ml) were obtained with bagasse. Supplementation of forest litter induced the yields of FPase (29 U/ml) CMCase (60.44 U/ml), total soluble sugar (5.0 mg/ml) which proved it as a good inducer of cellulase production next to sawdust. The secretion of extracellular protein was maximum (1710 mg/ml) when groundnut shells were added as substrate. The decreased activities of FPase and CMCase were noticed with rice bran, groundnut shells, wheat bran, and bagasse. The lowest β-glucosidase activity (0.02 U/ml) was recorded in wheat bran and groundnut shells. Least values of total soluble sugar (0.87 mg/ml), extracellular protein (0.75 mg/ml) and dry weight (690 mg/100ml) were noticed in the experiments which used bagasse as a substrate. Fig. (9) . Effect of lignocelluloses on biomass production. a FPase was expressed in terms of filter paper units (U/ml). One filter paper unit is defined as the amount of enzyme releasing one µmole of reducing sugar from filter paper per ml per hour. b CMCase activity was defined as amount of enzyme releasing one µmole of reducing sugar from carboxy-methyl cellulose per ml per hour. c β-glucosidase was defined as amount of enzyme liberating one µmole of þ-nitrophenol per ml per /h d Czapek-Dox medium amended with 1% cellulose.
DISCUSSION
Microbial sources of cellulase enzymes are of highly great importance in the current economic value due to their versatile industrial and commercial applications. Cellulose degrading microbes are basically carbohydrate degraders and are usually incapable of using proteins and lipids as energy sources of growth. Hence, a large number of filamentous fungi, bacteria and actinomycetes produce cellulase for the fragmentation of cellulose biopolymer. The characteristic of certain fungi to secrete, abundant amounts of extracellular protein makes them most suited for the production of higher levels of extracellular cellulases.Therefore, in the present study, a cellulolytic fungus Aspergillus niger was isolated from forest litter soil and was grown under different physical and chemical conditions for the optimal production of cellulase. High titter of cellulase production was shown by Aspergillus niger at an optimal pH 5.0. Similarly, optimal growth and cellulase production by Penicillium sp. was reported at pH 5.0 Prasanna et al. [26] . The highest activities of Endo-β-1, 4-glucanase (17.65 U/g), Exo-β-1, 4-glucanase (13.49 U/g) and β-glucosidase (14.62 U/g) were obtained at pH of 5.0 with sugar cane press mud by Pleurotus Sajor-Caju [27] . The maximum cellulase activity was achieved when Trichoderma viride strains were cultivated in medium set to a range of pH 5-6; as pH increased up to 5.5, the hyperactivities of exoglucanase (2.16 U/ml), endoglucanase (1.94 U/ml) and β-glucosidase (1.71 U/ml) were observed [28] . Pham et al. [29] showed that the optimum pH for cellulases production from Aspergillus niger VTCC-F021 strain was 5.0. These reports correlate with the results of the present study. A maximum yield of cellulase was obtained at 32ºC in this investigation. Analogous results were achieved by many workers. Gilna and Khaleel [30] reported maximum cellulase activity at 32 o C when Aspergillus fumigatus was cultured on selected lignocellulosic wastes under liquid state fermentation. Mekala et al. [31] reported the optimum temperature for cellulase production by Trichoderma RUT C30 was 33 o C. The maximum cellulase activity was achieved at an incubation temperature of 32 o C. As the temperature was further increased, there was a gradual reduction in the enzyme production. This may be because of the fact that higher temperature denatures the enzymes and may also lead to inhibition of microbial growth [32] .The temperature level of 32ºC was proved to be the best physical factor for enzyme synthesis by Trichoderma sp. on apple pomace under solid state fermentation [33] . Bansal et al. [34] reported that A. niger NS-2 exhibited a wide range of temperatures for its growth and cellulase production on agriculture and kitchen waste residues. Similarly, El-Hadi et al. [35] reported that the optimum temperature for CMCase production was observed at 37°C for Aspergillus hortai. Among the carbon sources used in the present study, lactose was shown to be the best. This study substantiates the work of Sun et al. [33] who reported that lactose improved the cellulase production when Trichoderma sp. was grown on apple pomace under solid state fermentation while maltose and sucrose had little effect. The maximal cellulase activity (1.18 U/ml) was observed when lactose used as a carbon source for A. hortai [35] . Kathiresan and Manivannan [36] and Devanathan et al. [37] proved lactose as the best inducer of Aspergillus sp. Muthuvelayudham and Viruthagiri [38] reported maximum growth and cellulase enzyme production by T. reesei C5 with the provision of lactose as a sole carbon source. These reports were found to be in agreement with the results of the current study. The present study proves that supplementation of urea-induced maximum enzyme production. Identical reports were made by Jyotsna et al. [39] . Urea appeared as the best nitrogen source for the highest activity of exo-β-glucanase with 4.8 IU/ml, endo-β-glucanase with 5.3 IU/ml and β-glucosidase with 1.6 IU/ml by Streptomyces albaduncus. Dharmdutt and Alokkumar [40] gave a report that there was a substantial increase in the cellulase activity when the medium was supplemented with complex nitrogen sources like yeast extract and urea by Aspergillus flavus AT-2 and Aspergillus niger AT-3.The culture filtrate of Aspergillus niger exhibited relatively higher cellulolytic activity (1.682 U/ml) grown on Czapek-Dox medium containing 0.03% urea followed by peptone and NaNO 3 [19] . These findings corroborate with the results of the present study that organic nitrogen sources such as urea and peptone served as the best compared to inorganic nitrogen sources such as (NH 4 ) 2 SO 4 and KNO 3 . Of all the various lignocelluloses amended to the medium, sawdust supported higher yields of cellulase by Aspergillus niger. These findings were in agreement with the previous reports of Praveen Kumar et al. [41] that the wild strain of Penicillium chrysogenum PCL501 produces significant cellulase activity (100.0 U/ml and 92.2 U/ml) and extracellular proteins when sawdust was used as the sole carbon source. The highest amount of cellulase activity was exhibited by Aspergillus niger followed by Trichoderma viride by solid-state fermentation with sawdust as a substrate [42] . Supplementation of sawdust at 1% level resulted in higher activities of FPase (2.412 U/ml), CMCase (0.775 U/ml) and β-glucosidase (1.322 U/ml) by Aspergillus niger [19] .
CONCLUSION
The potent cellulolytic fungi, Aspergillus niger was grown in Czapek-Dox medium under optimal physical and chemical conditions. A temperature of 32°C and pH value of 5.0 were found to be the optimal condition for cellulase production. Among various carbon and nitrogen sources tested in this study, lactose and urea yielded peak values of cellulase. Natural lignocellulosic materials like sawdust and forest litter served as good substrates for enhanced production of cellulase.
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
Not applicable.
HUMAN AND ANIMAL RIGHTS
No animals/humans were used for studies that are the basis of this research.
CONSENT FOR PUBLICATION
